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Streamside forests are complex ecosystems vital to the
protection of our streams and rivers

Streamside forests are crucial to the
protection and enhancement of the
water resources of the Eastern United
States. They are extremely complex
ecosystems that help provide opti-
mum food and habitat for stream
communities as well as being useful
in mitigating or controlling nonpoint
source pollution. Used as a compo-
nent of an integrated management

system including nutrient manage-
ment and sediment and erosion control
practices, streamside forests can pro-
duce a number of beneficial effects
on the quality of water resources.
Streamside forests can be effective in
removing excess nutrients and sedi-
ment from surface runoff and shallow
groundwater and in shading streams
to optimize light and temperature

A Streamside forests are crucial to water resource protection.

conditions for aquatic plants and ani-
mals. Streamside forests also
ameliorate the effects of some pesti-
cides, and directly provide dissolved
and particulate organic food needed
to maintain high biological produc-
tivity and diversity in the associated
stream.

Jeff Horan Maryland Department of Natural Resources




A Forested watersheds are
the generally accepted
benchmark of quality for
water resources.

A Deforestation assoc-
iated with agricultural
expansion has left our
waters vulnerable to
pollution from animal
waste and fertilizer.

RELATIVE PORTION OF ASSESSED WATERS IMPACTED BY VARIOUS
CATEGORIES OF NPS POLLUTION

RIVERS LAKES
165,000 Miles 8.1 Million Acres
Other Hydromodification
Agriculture Agriculture
Resource Urban
Extraction Runoff
Silviculture Other
Urban Runoff Land Disposal 1% Land Disposal Silviculture 1%
Hydromodification Construction 2% Construction Resource Extraction 1%

Reference: 1985. America’s Clean Water: The State’s Evaluation of Progress.




Percentage of productive shellfish waters

where harvesting is limited

Estimated Nutrient Loading (Ib/A/yr)

Land

HARVEST-LIMITED SHELLFISH WATERS
FOR SELECTED ESTUARIES, 1971-1985

Connecticut Narragansett Chesapeake Cape Fear
River, CT Bay, RI Bay, MD River, NC
Ml 1971 I 1074 [ 1980 Bl 1985

Reference: 1989. Environmental Trends, Council
on Environmental Quality.
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A Many of America’s
waters have been
rendered unfit
for use.

The removal of streamside
forests has adversely
affected the vitality of our
water resources

In natural conditions, streamside forests
protected most of the rivers and streams of our
nation, but deforestation associated with agri-
cultural and urban expansion has drastically
reduced the extent of streambank protected by
forest. The result has been an adverse effect on
the quality of water and aquatic habitats. In
many of our streams and estuaries, water is
unfit for human consumption, industrial use or
recreation. Shellfish and finfish production is
also reduced. These problems are linked, in
part, to contamination from nutrients, sedi-
ment, animal waste, and other pollutants
associated with agricultural and urban runoff.

LAND USE/NUTRIENT LOADINGS WITHIN THE CHESAPEAKE BAY BASIN

25
20
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10
5
0
Urban/Suburban Pasture Cropland
(3-5% of Basin)  (8-12% of Basin) (15-20% of Basin)

- Nitrogen
- Phosphorus

Forest
(60-65% of Basin

Reference: Magette and Weismiller 1983. Agriculture and the Bay.







Streamside Forests
Remove Pollutants in
Several Ways

Recent research has shown that
streamside forests can improve the
quality of water resources by removing
or ameliorating the effects of pollutants
in runoff and increase the biological
diversity and productivity of stream
communities by improving habitat
and adding to the organic food base.
Streamside forests function, often
simultaneously, as FILTERS,
SOURCES, TRANSFORMERS
and SINKS...



The Streamside Forest
Removes Sediment and
Sediment Attached
Phosphorus by Filtration

The streamside forest functions as a
FILTER by removing sediment and
other suspended solids from surface
runoff. Sediment is probably the most
common and most easily recognized of
the nonpoint source pollutants. Crop-
land erosion accounts for about 38% of

NONPOINT SOURCE CONTRIBUTIONS OF
TOTAL SUSPENDED SEDIMENT, 1980

iture and
10 (25.0%)

Forest (5.2%)

und (25.8%)

Total TSS = 3130 million tons/year

A Agricultural runoff can carry sediment, nutrients and pesticides to surface waters.

USDA Soil Conservation Service

Reference: 1989. Environmental Trends, Council on
Environmental Quality.

the approximately 1.5 billion tons of
sediment that reach the nation’s
waters each year. Pasture and range
erosion accounts for another 26%.

Sediment suspended in the water
can reduce or block the penetration
of sunlight adversely affecting the
growth and reproduction of benefi-
cial aquatic plants.

Sediment deposited on the stream
bottom can interfere with the feeding
and reproduction of bottom dwelling
fish and aquatic insects, weakening
the food chain. Large deposits of
sediment can overfill stream channels
and floodplains, greatly increasing

A Sediment is the most easily
recognized of the nonpoint
source pollutants.




STREAMSIDE FORESTS
FILTER SEDIMENT
FROM RUNOFF

PRECIPITATION
SOIL MOVEMENT
. +' " RUNOFF

AGRICULTURAL
LAND

SOIL PARTICLES ARE
DISPERSED BY THE
FOREST FLOOR AND
RETAINED.

Reference: Maryland Department of Natural Resources

A Streambank erosion
also contributes to
stream sediment load.

the potential for flooding. particles comprising the sediment.
Several mechanisms of sediment Approximately 4% of the phospho-
removal are at work in the streamside rus is attached to soil particles too

forest. Some sediment settles out as small to be filtered by these pro-
the the speed of the flow is cesses resulting in a removal of
reduced by the many obstructions en- about 80% of phosphorus by the
countered in the forest litter. riparian forest filter. The minor
Additional sediment is filtered out amount of ammonium which is
by the porous soil structure, vegeta- bound to sediment can be filtered
tion and organic litter as the runoff out in the same way.
flows over and into the floor of the However, dissolved phosphorus
streamside forest. and nitrate must be removed by
Phosphorus is also reduced by the either microbial or biochemical
filtering action of the streamside for- transformation processes.

est because about 85% of available
phosphorus is bonded to the small soil

NONPOINT SOURCE CONTRIBUTIONS STREAMSIDE FORESTS FILTER SOIL ATTACHED
PHOSPHORUS, 1980 PHOSPHORUS FROM RUNOFF

Crog iture and PHOSPHATE
(40. © (27.8%) ANIONS (PO
APPLIED AS
FERTILIZERS
RUNOFF
N

AQRICULTURAL

LAND
Forest (2.3%)

PHOSPHATE ANIONS

o wnd (28.4%) ARE STRONGLY TIED
TO SOIL PARTICLES;
- 266 mil THEREFORE RUNOFF
Total phosphorus = 266 million tons/year 1S THE ONLY SERIOUS THE FOREST SERVES AS A SEDIMENT
PROBLEM. TRAP AND, AT THE SAME TIME, RETAINS

AND UTILIZES PHOSPHATE ANIONS.

Reference: 1989. Environmental Trends, Council
on Environmental Quality.

Reference: Maryland Department of Natural Resources



The Streamside Forest
Transforms Nitrate to
Nitrogen Gas

The streamside forest functions as a
TRANSFORMER when chemical and
biological processes occurring within it
change the chemical composition of
compounds. For example, under well
oxygenated soil conditions, bacteria
and fungi in the streamside forest con-
vert nitrogen in runoff and decaying
organic debris into mineral forms
(NO,). These forms can then be syn-
thesized into proteins by plants or
bacteria. When soil moisture is high
enough to create anaerobic conditions
in the litter and surface soil layers,
denitrifying bacteria convert dissolved
nitrogen into various nitrogen gasses,

I'etulu.uls 1w uic GUIIUDPIIUIC. [@EVIVIIw }
have shown that the amount of nitro-
gen in runoff and shallow groundwater
can be reduced by as much as 80% af-
ter passing through a streamside forest.

L1IC SUTAIISIUC 10ITSL Cdll didL LUWIC-
tion as a TRANSFORMER when
toxic chemicals such as pesticides are
converted to non-toxic forms. Because
of continued improvements in the for-




A Cattle trodden and grazed streambanks offer little protection from

runoff and associated pollutants.

mulation and management of pesti-
cides, only very small amounts manage
to leave the area of application. These
residues, borne by runoff, are converted
to non-toxic compounds by microbial

decomposition, oxidation, reduction,
hydrolysis, solar radiation and other
biodegrading forces at work in the soil
and litter of the streamside forest.
While scientists have long understood

USDA  Soil Conservation Service

A Careful metering of fertilizer and pesti-
cides and minimum tillage methods
help reduce nonpoint source pollution.

the biological processes at work in the
streamside forest, additional data are
necessary to fully quantify their impor-
tance with respect to pesticide

degradation.










The Streamside Forest Acts as a
Sink by Storing Nutrients for Extended
Periods of Time

The streamside forest can function as a SINK when nutri-
ents are taken up by plants and sequestered in plant tissue.
Some estimates indicate that 25% of the nitrogen removed by
the streamside forest is assimilated in tree growth which may



The Streamside Forest
Provides a Source of
Energy for Aquatic Life

The streamside forest functions as
a SOURCE when it provides energy
to streams in the form of dissolved
carbon compounds and particulate
organic detritus. These materials are
critical to processes within the
stream itself, helping to restore and
maintain nature’s equilibrium. In
small, well shaded upland streams,
as much as 75% of the organic food
base may be supplied by dissolved
organic compounds or detritus such
as fruit, limbs, leaves and insects that
fall from the forest canopy. Benthic
detritivores, the stream bottom bac-
teria, fungi and invertebrates that
feed on the detritus, form the basis of
the aquatic food chain. They pass on
this energy when they are consumed
in turn by larger benthic fauna and
eventually by fish. Thus the stream-
side forest functions as an important
energy source for the entire aquatic
food chain from headwaters to

estuary.

A Energy for aquatic life
is added to streams in
the form of leaves,and
twigs, a part of the
mixture call detritus.

David Funk
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A Riparian forest buffers are most effective when used in conjunction with sound land management
systems that include nutrient management and sediment control systems

USDA Agricultural Research Service, Tifton, GA
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SPECIFICATION/RIPARIAN FOREST BUFFER 3

Requirements
Vegetation will be composed of dense grasses and forbs for structure stabilization, sediment control and nutrient uptake.
Mowing and removal of clippings is necessary to recycle sequestered nutrients, promote vigorous sod and control weed growth.
Vegetation must be maintained in a vigorous condition. The vegetative growth must be harvested, grazed or otherwise removed
from Zone 3. Maintaining vigorous growth of Zone 3 vegetation must take precedence and may not be consistent with wildlife
needs.
Zone 3 may be used for controlled intensive grazing when conditions are such that earthen water control structures will not be
damaged.
Zone 3 may require periodic reshaping of earth structures, removal or grading of accumulated sediment and reestablishment
of vegetation to maintain effectiveness of the riparian buffer.

Determining need for protection

Buffers should be used to protect any body of water which will not be:
treated by routing through a natural or artificial wetland determined to be adequate treatment;
treated by converting the flow to sheet flow and routing it through a forest buffer at a point lower in the watershed.

Determining total width of the buffer
Note, that while not specifically addressed, slope and soil permeability are components of the following buffer width criteria.

Each of the following criteria is based on methods developed or used by persons conducting research on riparian forests.

Streamside Buffers

The minimum width of streamside buffer areas can be determined by any of several methods suitable to the geographic area.

1) Based on soil hydrologic groups as shown in the county soil survey report, the width of Zone 2 will be increased to occupy
any soils designated as Hydrologic Group D and those soils of Hydrologic Group C which are subject to frequent flooding.
If soils of Hydrologic Groups A or B occur adjacent to intermittent or perennial streams, the combined width of Zones 1
and 2 may be limited to the 75 foot minimum.

2) Based on area, the width of zone two should be increased to provide a combined width of Zones one and two equal to one
third of the slope distance from the stream bank to the top of the pollutant source area. The effect is to create a buffer strip
between field and stream which occupies approximately one third of the source area.

3) Basedonthe Soil Capability Class of the buffer site as shown in the county soil survey report, the width of Zone two should
be increasedto provide a combined width of zones one and two as shown below.

Capability Class Buffer Width

Cap. I, Il efs, V 75'
Cap. Ill e/s, IV e/s 100’
Cap. Vle/s, VIl e/s 150

Pond and Lake-Side buffer strips
The area of pond-or lake-side buffer strips should be at least one-fifth the drainage area of the cropland and pastureland source
area. The width of the buffer strip is determined by creating a uniform width buffer of the required area between field and
pond. Hydrologic Group and Capability Class methods of determining width remain the same as for streamside buffers.
Minimum widths apply in all cases.

Environmentally Sensitive Wetlands
Some wetlands function as nutrient sinks and when they occur in fields or at field margins can be used for renovation of agri-
cultural surface runoff and/or drainage. However, most wetlands associated with open water are subject to periodic flushing
of nutrient laden sediments and therefore require riparian buffers to protect water quality.

Where open water wetlands are roughly elipsoid in shape they should receive the same protection as ponds.

Where open water wetlands exist in fields as seeps along hillslopes, buffers should consist of Zones 1, 2 & 3 on sides receiving
runoff and Zones 1 & 3 on the remaining sides. Livestock must be excluded from Zones 1 and 2 at all times and controlled in
Zone 3. Where zones 1 and 3 only are used, livestock must be excluded from both zones at all times, but hay may be harvested
in Zone 3.



4 SPECIFICATION/RIPARIAN FOREST BUFFER

Vegetation Selection

Zone 1 & 2 vegetation will consist of native streamside tree species on soils of Hydrologic Groups D and C and native upland tree
species on soils of Hydrologic Groups A and B.

Deciduous species are important in Zone 2 due to the production of carbon leachate from leaf litter which drives bacterial processes .
that remove nitrogen as well as to the sequestering of nutrients in the growth processes. In warmer climates evergreens are also

* important due to the potential for nutrient uptake during the winter months. In both cases a variety of species is important to meet
the habitat needs of insects important to the aquatic food chain.

Zone 3 vegetation should consist of perennial grasses and forbs.

Species recommendations for vegetated buffer areas depend on the geographic location of the buffer. Suggested species lists should
be developed in collaboration with appropriate state and federal forestry agencies, the Soil Conservation Service and the Fish and
Wildlife Service. Species lists should include trees, shrubs, grasses, legumes, forbs, as well as site preparation techniques. Fertilizer
and lime, helpful in establishing buffer vegetation, must be used with caution and are not recommended in zone 1.

Maintenance Guidelines

General

Buffers must be inspected annually and immediately following severe storms for evidence of sediment deposit, erosion or con-
centrated flow channels. Prompt corrective action must be taken to stop erosion and restore sheet flow.

The following should be avoided within the buffer areas: excess use of fertilizers, pesticides, or other chemicals, vehicular traffic
or excessive pedestrian traffic and removal or disturbance of vegetation and litter inconsistent with erosion control and buff-
ering objectives.

Zone 1 vegetation should remain undisturbed except for removal of individual trees of extremely high value or trees presenting
unusual hazards such as potentially blocking culverts or creating dangerous hydraulic obstructions.

Zone 2 vegetation, undergrowth, forest floor, duff layer and leaf litter shall remain undisturbed except for periodic cutting of
trees to remove sequestered nutrient and to maintain an efficient filter by fostering vigorous growth, and for spot site preparation
for regeneration purposes. Controlled burning for site preparation, consistent with good forest management practice could also
be used in Zone 2.

Zone 3 vegetation should be mowed and the clippings removed as necessary to remove sequestered nutrient and promote dense
growth for optimum soil stabilization.

Zone 3 vegetation should be inspected twice annually and remedial measures taken as necessary to maintain vegetation den-
sity and remove problem sediment accumulations.

Stable Debris

AsZone 1 reaches 60 years of age, it will begin to produce large stable debris. Large debris, such as logs create small dams which
trap and hold detritus for processing by aquatic insects thus adding energy to the stream ecosystem, strengthening the food chain
and improving aquatic habitat. Wherever possible, stable debris should be conserved.

Where debris dams must be removed, try to retain useful, stable portions which provide detritus storage.
Deposit removed material a sufficient distance from the stream that it will not be refloated by high water.

Planning Considerations

Evaluate the type and quantity of potential pollutants that will be derived from the drainage area.
Select species adapted to the zones based on soil and site factors and possible commercial goals such as timber and forage.
Plan to establish trees early in the dormant season for maximum viability.

Be aware of visual aspects and plan for wildlife habitat improvement if desired.

b A e

Consider provisions for mowing and removing vegetation from Zone 3. Controlled grazing may be satisfactory in Zone 3 when the
filter area is dry and firm.




SPECIFICATION
RIPARIAN FOREST BUFFER

Definition
An area of trees and other vegetation located in areas adjacent to and upgradient from water bodies and designed to intercept surface
runoff, wastewater, subsurface flow and deeper groundwater flows from upland sources for the purpose of removing or buffering
the effects of associated nutrients, sediment, organic matter, pesticides or other pollutants prior to entry into surface waters and
ground water recharge areas.

Scope
This specification establishes the minimally acceptable requirements for the reforestation of open lands and renovation of existing
forest to be managed as Riparian Forest Buffers for the purposes stated.

Purpose
To remove nutrients, sediment, organic matter, and some pesticides from surface runoff, subsurface flow and near root zone
groundwater by deposition, absorption, adsorption, plant uptake, denitrification, and other processes, thereby reducing pollution
and protecting surface water and ground water quality.

Conditions Where Practice Applies
Subsurface nutrient buffering processes, such as denitrification, can take place in the soil wherever carbon energy, bacteria, oxygen,
temperature and soil moisture are adequate. Nutrient uptake by plants occurs where the water table is within the root zone. Surficial
filtration occurs anywhere surface vegetation and forest litter is adequate.

The riparian forest buffer will be most effective when used as a component of a sound land management system including nutrient
management and runoff, sediment and erosion control practices. Use of this practice without other nutrient and runoff, sediment
and erosion control practices can result in adverse impacts on buffer vegetation and hydraulics including high maintenance costs,
the need for periodic replanting and the carrying of excess nutrients and sediment through the buffer by concentrated flows.

This practice applies on lands:

1) adjacent to permanent or intermittent streams which occur at the lower edge of upslope cropland, grassland or pasture;

2) at the margins of lakes or ponds which occur at the lower edge of upslope cropland, grassland or pasture;

3) at the margin of any intermittent or permanently flooded, environmentally sensitive, open water wetlands which occur at the
lower edge of upslope cropland, grassland or pasture;

4) on karst formations at the margin of sinkholes and other small groundwater recharge areas occurring on cropland, grassland or
pasture.
Note: In high sediment production areas (8-20 in/ 100 yrs.), severe sheet, rill and gully erosion must be brought under control
for this practice to function correctly.

Design Criteria

Riparian Forest Buffers
Riparian forest buffers will consist of three distinct zones and be designed to filter surface runoff as sheet flow and downslope
subsurface flow which occurs as shallow ground water. For the purposes of these buffer strips, shallow ground water is defined
as saturated conditions which occur near or within the root zone of trees and other woody vegetation and at relatively shallow
depths where bacteria, oxygen, and soil temperature contribute to denitrification. Streamside Forest Buffers will be designed
to encourage sheet flow and infiltration and impede concentrated flow.

Zone 1

Location
Zone 1 will begin at the top of the stream bank and occupy a strip of land with a fixed width of fifteen feet
measured horizontally on a line perpendicular to the streambank.

Purpose
The purpose of Zone 1 is to create a stable ecosystem adjacent to the water’s edge, provide soil/water contact area to facilitate
nutrient buffering processes, provide shade to moderate and stabilize water temperature encouraging the production of
beneficial algal forms and to contribute necessary detritus and large woody debris to the stream ecosystem.



2 SPECIFICATION/RIPARIAN FOREST BUFFER

Requirements

Runoff and wastewater to be buffered or filtered by Zone 1 will be limited to sheet flow or subsurface flow only. Concentrated
flows must be converted to sheet flow or subsurface flows prior to entering Zone 1. Outflow from subsurface drains must not
be allowed to pass through the riparian forest in pipes or tile thus circumventing the treatment processes. Subsurface drain
outflow must be converted to sheet flow for treatment by the riparian forest buffer or treated elsewhere in the system prior to
entering the surface water.

Dominant vegetation will be composed of a variety of native riparian tree and shrub species and such plantings as necessary
for streambank stabilization during the establishment period. A mix of species will provide the prolonged stable leaf fall and
variety of leaves necessary to meet the energy and pupation needs of aquatic insects.

Large overmature trees are valued for their detritus and large woody debris contributions to the stream ecosystem. Therefore,
management of Zone 1 will be limited to bank stabilization and removal of potential problem vegetation. Occasional removal
of extreme high value trees may be permitted where water quality values are not compromised. Logging and other overland
equipment shall be excluded except for streamcrossings and stabilization work.

Livestock will be excluded from Zone 1 except for designed stream crossings and designed watering sites.

Zone 2

Location
Zone 2 will begin at the edge of Zone 1 and occupy an additional strip of land with a minimum width of 60 feet measured hori-
zontallyin the direction of flow. Total minimum width of Zones 1 & 2 is therefore 75 feet. Note that this is the minimum
width of Zone 2 and that the width of Zone 2 may have to be increased as described in the section “Determining the Total
Width of Buffer” to create a greater combined width for Zones 1 & 2.

Purpose
The purpose of Zone 2 is to provide necessary contact time and carbon energy source for buffering processes to take place
and to provide for long term sequestering of nutrients in the form of forest trees. Outflow from subsurface drains must not be
allowed to pass through the riparian forest in pipe or tile thus circumventing the treatment processes. Subsurface drain out
flow must be converted to sheet flow for treatment by the riparian forest buffer or treated elsewhere in the system prior to enter-
ing the surface water.

Requirements
Runoff and wastewater to be buffered or filtered by Zone 2 will be limited to sheet flow or subsurface flow only. Concentrated
flows must be converted to sheet flow or subsurface flows prior to entering Zone 2.
Predominant vegetation will be composed of riparian trees and shrubs suitable to the site, with emphasis on native species and
such plantings as necessary to soil stabilization during the establishment period. Nitrogen fixing species should be discouraged
where nitrogen removal or buffering is desired. Species suitability information should be developed in consultation with state
and federal forestry agencies, Soil Conservation Service, and Fish and Wildlife Service.
Specifications should include periodic harvesting and timber stand improvement (TSI) to maintain vigorous growth and leaf
litter replacement and to remove nutrients and pollutants sequestered in the form of wood in tree boles and large branches.
Management for wildlife habitat, aesthetics, and timber are not incompatable with riparian forest buffer objectives as long as
shade levels and production of leaf litter, detritus and large woody debris are maintained. Appropriate logging equipment
recommendations shall be determined in consultation with the state and federal forestry agencies.

Livestock shall be excluded from Zone 2 except for necessary designed stream crossings and designed watering sites.

Zone 3

Location
Zone 3 will begin at the outer edge of Zone 2 and have a minimum width of 20 feet. Additional width may be desirable to
accommodate land shaping and mowing machinery. Ungrazed grassland meeting the purpose and requirements stated below
may serve as Zone 3.

Purpose
The purpose of Zone 3 is to provide sediment filtering, nutrient uptake and the space necessary to convert concentrated flow
to uniform, shallow, sheet flow through the use of techniques such as grading, and shaping, and devices such as diversions,
basins and level lip spreaders.
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